Abstract: Many geographically peripheral member states of the EU are critically dependent on short sea Roll-on/Roll-off (RoRo) and mixed freight-passenger (RoPax) shipping services for intra-European trade. The implementation of the Sulfur Emission Control Area (SECA) regulation was expected to raise the operating cost for RoRo and RoPax shipping, and slow steaming was proposed as an immediate solution to save the increased cost. Previous research has investigated the issue of slow steaming and SECA using a quantitative approach. However, the reaction of the RoRo and RoPax shipping firms toward slow steaming as a mitigating factor in the face of expected additional SECA compliance costs using qualitative methodology has not been explored yet. In addition, the knowledge regarding the impact of slow steaming on the competitiveness of short sea RoRo and RoPax with respect to service quality is limited. This article has addressed these issues through the analysis of multiple cases focusing on RoRo and RoPax firms operating in the North and Baltic Seas. Overall, our findings suggest that the 0.1% SECA regulation of 2015 requiring the use of higher-priced MGO has not caused slow steaming in the RoRo and RoPax segments to a large extent. The increased bunker prices are partially transferred to the customers via increased Bunker Adjustment Factor and partly borne by the shipowners. We have found that out of 11 case firms in our study only one RoRo and one RoPax firm have reduced vessel speeds to compensate for the additional SECA compliance costs. We conclude that for RoPax and RoRo segment bunker prices, rigorous competition and, most important, different service quality requirements have significantly restricted the potential implementation of slow steaming.
Introduction
Over the past several decades, emissions of noxious gases from maritime transport have considerably amplified, although the role of shipping for world trade continues to be strong [1] . To mitigate rising shipping emissions, in particular sulfur oxides (SO x ), the International Maritime Organization (IMO)-under Annex VI to the International Convention for the Prevention of Pollution from Ships (MARPOL Convention)-introduced limits on the maximum sulfur content allowed in the fuel used by ships [2] . Currently this regulation is implemented in specific zones called sulfur emission control areas (SECAs), where the stringent sulfur limits are applied progressively. All ships sailing in SECAs, which include the Baltic Sea, the North Sea, the English Channel, the North American east and west coasts, and the US Caribbean area, are now subject to this regulation. Under the sulfur regulation from 1 January 2015, the level of allowed sulfur content in the fuel of ships was reduced to 0.1 percent.
allowed sulfur content will be 0.5% for ships sailing outside the SECAs [3] . The progression of sulfur limits within and outside the SECAs is presented in Figure 1 : In total, nearly 14,000 ships are active in the SECAs each year. From this total, about 2200 ships operate 100% in the area, while 2700 ships spend more than 50% of their time in the region [5, 6] . Before and after the implementation of the 0.1% sulfur limit in SECAs, multiple research studies were conducted providing a techno-economic analysis of the two major compliance alternatives, namely scrubbers and low sulfur marine gas oil (MGO) available to shipowners. In this respect, Zis, et al. [7] found that the scrubber installation reduces the ship operating cost; however, the lower bunker prices delay the payback period of a scrubber investment. In addition, the findings of Jiang, et al. [8] and Lindstad, et al. [9] indicate that a scrubber is a better compliance option when the price spread between heavy fuel oil (HFO) and MGO is high (more than 231 Euros per ton), when the remaining lifespan of a vessel is more than 4 years, and when the vessel operates on a long-distance route with high fuel consumption.
On the other hand, it was forecast [10] that, due to the uncertain future of fuel prices as well as technological and regulatory uncertainty, a majority of shipping companies would switch to distillates such as marine gas oil (MGO) to conform to the sulfur regulation. A report by BPO [11] revealed that at the beginning of 2016 there were only 83 ships with scrubber installations and that this number was expected to exceed 200 by 2017. However, this represents a minority share of the 2200 ships sailing in the SECAs and corroborates the feeling that the majority of shipowners preferred low-sulfur fuel as a compliance solution.
The compliance with the sulfur regulation was predicted to negatively affect the competitiveness of short sea shipping (SSS), in particular the Roll-on/Roll-off pure freight (RoRo) and mixed freightpassenger (RoPax) sectors operating in the North and Baltic Seas, by substantially increasing their operating costs [12] . In this context, a reduction in sailing speed-also termed 'slow steaming'-as an energy efficiency measure is deemed an immediately feasible approach for reducing operating costs and cutting the shipping carbon footprints on the environment [13] . Due to the cubic relationship between speed and fuel consumption, which is even higher than a cubic as asserted by Psaraftis and Kontovas [14] , particularly for ships that sail at a comparatively faster speed-such as containerships, RoRo, and RoPax-a nominal speed reduction leads to a substantial saving in total fuel consumption. In the existing literature, different speed optimization models and the cost-saving potential of slow steaming for the European RoRo segment in the context of SECA regulations have been identified [15] as low-impact fixes.
Admittedly, slow steaming is somewhat complicated for tank and bulk shipping, and still more complicated for deep-sea liner shipping. However, it is truly complex for RoRo and RoPax shipping, as the RoRo and RoPax segments face fierce competition not only from the neighboring shipping In total, nearly 14,000 ships are active in the SECAs each year. From this total, about 2200 ships operate 100% in the area, while 2700 ships spend more than 50% of their time in the region [5, 6] . Before and after the implementation of the 0.1% sulfur limit in SECAs, multiple research studies were conducted providing a techno-economic analysis of the two major compliance alternatives, namely scrubbers and low sulfur marine gas oil (MGO) available to shipowners. In this respect, Zis, et al. [7] found that the scrubber installation reduces the ship operating cost; however, the lower bunker prices delay the payback period of a scrubber investment. In addition, the findings of Jiang, et al. [8] and Lindstad, et al. [9] indicate that a scrubber is a better compliance option when the price spread between heavy fuel oil (HFO) and MGO is high (more than 231 Euros per ton), when the remaining lifespan of a vessel is more than 4 years, and when the vessel operates on a long-distance route with high fuel consumption.
The compliance with the sulfur regulation was predicted to negatively affect the competitiveness of short sea shipping (SSS), in particular the Roll-on/Roll-off pure freight (RoRo) and mixed freight-passenger (RoPax) sectors operating in the North and Baltic Seas, by substantially increasing their operating costs [12] . In this context, a reduction in sailing speed-also termed 'slow steaming'-as an energy efficiency measure is deemed an immediately feasible approach for reducing operating costs and cutting the shipping carbon footprints on the environment [13] . Due to the cubic relationship between speed and fuel consumption, which is even higher than a cubic as asserted by Psaraftis and Kontovas [14] , particularly for ships that sail at a comparatively faster speed-such as containerships, RoRo, and RoPax-a nominal speed reduction leads to a substantial saving in total fuel consumption. In the existing literature, different speed optimization models and the cost-saving potential of slow steaming for the European RoRo segment in the context of SECA regulations have been identified [15] as low-impact fixes.
Admittedly, slow steaming is somewhat complicated for tank and bulk shipping, and still more complicated for deep-sea liner shipping. However, it is truly complex for RoRo and RoPax shipping, as the RoRo and RoPax segments face fierce competition not only from the neighboring shipping routes but also from land transport modes. Any speed reduction could affect the competitiveness of SSS in the form of service quality (SQ). Earlier research has approached the issue of slow steaming from multiple angles. In this context, using the route-specific data for 2014 and 2015 for RoRo and RoPax services, Zis and Psaraftis [16] quantitatively assessed the potential of slow steaming as an operational measure that could be deployed by shipowners to lower the operating costs in SECAs. Along the same line, Santos and Guedes Soares [17] developed a methodology to determine the optimum ship speed considering the RoRo ship operations in SECAs.
We have noticed that the existing research has explored the potential of slow steaming in the SECAs primarily deploying the quantitative methods. However, there is insufficient knowledge related to the actual reaction of RoRo and RoPax shipping companies pertaining to slow steaming in the aftermath of the 0.1 percent sulfur regulation of 2015. In addition, the knowledge is limited regarding the impact of slow steaming on the competitiveness of short sea RoRo and RoPax with respect to service quality.
Thus, the purpose of this article is to qualitatively investigate the feasibility of slow steaming for the RoRo and RoPax sectors in the context of SECA regulations. More specifically, we seek to identify the reaction of RoRo and RoPax firms toward slow steaming in the wake of the North Sea and Baltic Sea sulfur regulations, and to investigate how slow steaming affects competitiveness in these sectors. This is done through an in-depth analysis of multiple cases focusing on RoRo and RoPax firms. The data for this study is derived from the existing literature as well as from several interviews of the management of RoRo and RoPax firms operating vessels in the North and Baltic Seas emission control areas.
The article is structured as follows. A brief literature review focusing on SECA, slow steaming and competitiveness is presented in Section 2. Section 3 addresses the methodology, while Section 4 presents the findings of our analysis. Section 5 discusses the results and concludes the research implications.
Literature Review

SECA Regulation and Its Implications
Sea transport growth has caused a commensurate upsurge in anthropogenic aquatic and air contamination, and in order to mitigate the escalating airborne emissions from vessels, various regulations are being imposed at the global and regional levels. One of the instrumental regulations in this context is the creation of SECAs, which are a part of Annex VI of IMO's MARPOL protocol and came into force in May 2005. Under Annex VI, limits on maximum sulfur content in fuel used by the ships operating in the designated ECAs were incrementally reduced [12] , as shown above in Figure 1 .
In the wake of SECA regulations, a number of researchers have attempted to investigate the impact of SECA on the affected shipping sector, from technical, operational, environmental and economic perspectives [18] [19] [20] . To comply with the 0.1 percent sulfur regulation, shipping companies were faced with a number of possible solutions. They could switch from traditional heavy fuel oil (HFO) to distillate fuel (marine gas oil or ultra-low sulfur fuel) having a maximum sulfur content of 0.1%. Another option was to install after-treatment technologies (e.g., scrubbers) on board, or convert the vessels to use alternative fuels such as liquid natural gas (LNG), methanol or biofuels [21, 22] . While all these alternatives would allow shipowners to operate within SECA waters, they were characterized by very different financial consequences. In addition to the required extensive additional capital costs for retrofitting the vessels, immature technology and price uncertainty regarding the latter two approaches (i.e., scrubbers and LNG) made these solutions unattractive for a number of shipping companies [23, 24] . Distillates did not require capital investments, but their higher price could rapidly become a heavy burden for ship operators [7] .
Fuel costs represent the largest share in the total operating cost of a vessel, and a fuel switch to MGO was likely to increase the freight rates on certain routes and eventually lead to the so-called modal backshift from sea transport to road transport [12, 25] . This modal shift to road would not only put the local industry and many ship and port operators out of business but could also challenge the EU policy to improve the environment, as road transport causes severe congestion and more emissions [26] . Figure 2 depicts the price fluctuations in dollars per metric ton for MGO, HFO (IFO380), ultra-low sulfur fuel oil (ULSFO), and the price difference between MGO and IFO380 before and after the implementation of 0.1 percent sulfur limits of 2015. It can be seen in the figure that when the 0.1 percent sulfur regulation came into force in January 2015, the price of MGO dropped significantly compared to 2014. Thus, in 2015, because of a crash in bunker prices, the predictions regarding the modal backshift and negative repercussions of SECA for the shipping industry did not become reality [29] . However, again from 2016, bunker prices have shown a rising trend, which might reverse the situation and in particular the RoRo sector might lose cargo to competitive land-based transport modes as asserted by Zis and Psaraftis [12] and, therefore, it may require additional operational measures such as slow steaming to survive in the market [16] .
Slow Steaming
It was anticipated that as a consequence of SECA regulations, ship operators may reduce the sailing speed to compensate for the extensive cost caused by SECA compliance as noted by Zis and Psaraftis [16] . In order to analyze the impact of slow steaming on the carrier's and the shipper's costs, Mallidis, et al. [30] developed continuous-time analytical models. Further, Wen, et al. [31] presented a speed optimization algorithm that can be applied by shipowners to optimize the vessel´s fuel consumption. Studies by Johnson and Styhre [32] and Zis and Psaraftis [16] suggested that reduced waiting time in a port could support slow steaming and mitigate the additional cost effects of SECA for dry bulk shipping in the North and Baltic Seas. Using AIS data, Adland, et al. [13] found that strict sulfur regulation from 2015 did not affect the speed patterns of the vessels crossing the North Sea ECA. Further, they claimed that vessel speed is not generally determined by fuel prices or freight rates, but is rather dependent on factors such as route characteristics, vessel type, weather, market segments and conditions, and the nature of the commercial contract between a shipper and a ship operator.
The role of energy efficiency is immensely crucial for the short sea RoRo/RoPax sector as it faces fierce competition from the alternative transport modes of road and rail. Greater energy efficiency not only results in cost savings, but it also brings about a reduction in the emissions per unit of transport work. Due to the non-linear correlation between the speed and fuel consumption as embodied within the propeller law [4] , even a marginal speed reduction from full or normal steaming speed will result in a substantial reduction in fuel consumption. As with most energy efficiency measures, slow steaming is potentially associated with a negative abatement cost, that is, measures that reduce emissions will at the same time also reduce cost [33] .
The positive role of slow steaming in gaining energy efficiency and supporting environmental sustainability is evident, but it may have negative corollaries for the shippers and shipping companies by affecting the entire supply chain. Slow steaming may increase the transit time and It can be seen in the figure that when the 0.1 percent sulfur regulation came into force in January 2015 the price of MGO dropped significantly compared to 2014. Thus, in 2015, because of a crash in bunker prices, the predictions regarding the modal backshift and negative repercussions of SECA for the shipping industry did not become reality [28] . However, again from 2016 bunker prices have shown a rising trend, which might reverse the situation and in particular the RoRo sector might lose cargo to competitive land-based transport modes as asserted by Zis and Psaraftis [12] and, therefore, additional operational measures such as slow steaming may be required to survive in the market [16] .
It was anticipated that as a consequence of SECA regulations, ship operators may reduce the sailing speed to compensate for the extensive cost caused by SECA compliance, as noted by Zis and Psaraftis [16] . In order to analyze the impact of slow steaming on the carrier's and the shipper's costs, Mallidis, et al. [29] developed continuous-time analytical models. Further, Wen, et al. [30] presented a speed optimization algorithm that can be applied by shipowners to optimize the vessel's fuel consumption. Studies by Johnson and Styhre [31] and Zis and Psaraftis [16] suggested that reduced waiting time in port could support slow steaming and mitigate the additional cost effects of SECA for dry bulk shipping in the North and Baltic Seas. Using AIS data, Adland, et al. [13] found that the strict sulfur regulation of 2015 did not affect the speed patterns of the vessels crossing the North Sea ECA. Furthermore, they claimed that vessel speed is not generally determined by fuel prices or freight rates but is rather dependent on factors such as route characteristics, vessel type, weather, market segment and conditions and the nature of the commercial contract between a shipper and a ship operator.
The role of energy efficiency is immensely crucial for the short sea RoRo/RoPax sector as it faces fierce competition from the alternative transport modes of road and rail. Greater energy efficiency not only results in cost savings, but it also brings about a reduction in the emissions per unit of transport work. Due to the non-linear correlation between speed and fuel consumption as embodied in the propeller law [4] , even a marginal speed reduction from full or normal steaming speed will result in a substantial reduction in fuel consumption. As with most energy efficiency measures, slow steaming is potentially associated with a negative abatement cost, that is, measures that reduce emissions will at the same time also reduce costs [32] .
The positive role of slow steaming in gaining energy efficiency and supporting environmental sustainability is evident, but it may have negative corollaries for the shippers and shipping companies by affecting the entire supply chain. Slow steaming may increase the transit time and pipeline inventory costs for shippers due to delayed cargo delivery [33] . Shipping companies may need additional tonnage to maintain the schedule frequency which will result in extra costs and emissions [34] . Businesses with lean, just-in-time supply chains may be required to have additional safety stocks because of increased shipping time. In particular, shippers with perishable and short life-cycle goods are likely to be affected more [29] .
In contrast to tank and dry bulk ships that transport low-value cargo for a single or a few shippers, the RoPax vessels will find the issue of speed to be even more complex. In bulk and tanker shipping, the transport cost is high compared to the value of the goods, and fuel costs constitute a major burden for the shipowners. On the other hand, RoPax bunker costs are less significant compared to time-dependent costs due to expensive vessels and large crews. Resembling deep-sea liner shipping, the value of cargo transported by RoRo shipping is also higher than that of tramp shipping, and thus the RoRo shippers are less price sensitive but are more conscious about the time-related service quality attributes such as reliability, speed, port turnaround time, transit time, convenient scheduling, and frequency [35, 36] . RoRo/RoPax shipping in general operates like liner shipping on a regular schedule, at an advertised price, with predetermined routes and destination ports. A change in price, schedule, frequency and speed of the vessels can enhance or deteriorate the service quality of the shipping companies [37] .
In the RoPax sector, the variety in demand is also as wide as it gets in the transport industry. Travelers with cars who want to cross the water to continue driving are mixed with passengers who want to eat, shop, or just entertain themselves on board. Time-critical cargoes like vegetables, components scheduled for assembly, and e-commerce deliveries are loaded on lorries on board and mixed with less demanding goods loaded in unaccompanied semi-trailers or containers. Revenues obviously stem from the transport service, but there is also a time-dependent element in terms of sales on board.
Hence, scheduling is a big compromise between different time requirements and the compromise differs depending on routes, time of day and season. Most customers want a high speed, but on some routes a slow speed is a value added for passengers who want to eat and for lorry and bus drivers who want to use the crossing as a rest period and thus, on some routes longer sailing times result in an increase in revenue from on-board spending, as stated by Zis and Psaraftis [16] . To further complicate the issue, a lower speed might force the shipping line to deploy more or larger ships, choose a shorter crossing route or skew the timetable between days. Competition with land modes and a fixed connection are also liable to be affected and a modal backshift from sea to road, in particular for cargoes of very high value, can also be a likely outcome of slow steaming [16] . If the speed changes significantly, the vessel might have to be reconfigured to get the right combination of shops, restaurants, bars, seating areas and cabins. In addition, operating far from the design speed is likely to necessitate modification of the hull, a change of propellers and possibly also adjustments to the engines [38] .
Competitiveness
RoRo and RoPax vessels on some routes compete wing-to-wing with the alternative transport modes of road and rail. Reducing the speed beyond a certain level may put sea services in an unfavorable competitive position by negatively affecting their service quality. Mancera [39] defines service quality as the shipper's perceived quality of a transport process based on its performance, and sees SQ as comprising five main attributes, namely speed, reliability, lead time, freight rates, and cargo loss and damage.
Service quality is one of the most substantial components of competitiveness [40] and both Paixão Casaca and Marlow [36] and Yang, et al. [41] have verified that high service quality improves the competitiveness of shipping firms. High-quality services assist to differentiate a shipping firm from its competitors [42] . Among other factors, time is one of the key components of service quality, and time-related factors such as schedule reliability, sailing frequency, and speed are valued highly by cargo owners when selecting shipping services [43] . High performance in these time-related factors can considerably reduce the shippers' inventory, production, and logistical costs [37] . The positive effect of service quality on the competitiveness of shipping firms is empirically proved [42] . High performance in SQ improves customer satisfaction [44] , and satisfied customers usually continue purchasing and even recommending the services to others [45] . Consequently, this may enhance a firm's competitiveness in terms of higher revenues or retained customers [46] . Some other studies suggest that employing larger vessels with more cargo on board on a single voyage and increasing port efficiency may counteract the side effects of slow steaming to some extent [47] . Similarly, ship operators pursuing a slow steaming strategy may gain competitive advantage over their rivals and attract more customers through service differentiation based on different transit times, reduced freight rates, and speed [42, 48, 49] . The methodology used in this article is presented in the next section.
Method
This study is exploratory in nature. Therefore, based on Yin [50] , a multiple case study methodology has been applied. Yin [50] suggests that a case study investigates a contemporary phenomenon within the real-life situation, in particular when the relation between the phenomenon and context is complex. This observation is applicable to our research, as we explore the contemporary phenomenon of slow steaming in the context of SECA regulations and their impact on the competitiveness of shipping companies. Slow steaming is a complex topic and depends on multiple factors; therefore, a qualitative approach is more appropriate to explore this topic in-depth. Through interviews, it is possible to ask follow-up questions and to draw more information from the interviewees. This eventually helps to enrich the data and uncover the important topics and concepts that may be missed in quantitative research [50] .
Around 387 RoRo and RoPax ships were affected by the sulfur regulation in the North and Baltic Seas SECA [11] . The case studies in this research comprise a sample of eleven case firms, that operate a total of 154 RoRo and RoPax ships in SECAs and represent about 40% of the RoRo and RoPax ships that are affected by the sulfur regulation. The main reasons for selecting the RoRo and RoPax segments for this study are that they play a pivotal role in intra-European freight transport and they operate fully within the SECA. In addition, these segments consume large amounts of fuel, were expected to be highly affected by SECA regulations, and have not been the focus of scientific studies. The service type, size, and other significant information about case firms and the respondents are summarized in Table 1 .
After a comprehensive literature review focusing on short sea RoRo/RoPax shipping, slow steaming, SECA compliance strategies, and customer requirements regarding the service quality of RoRo/RoPax shipping, 25 RoRo and RoPax companies operating in the North and Baltic Seas were approached for interviews. In the end, 11 managers from such firms participated in semi-structured face-to-face or telephone interviews. Eisenhardt [51] suggests that when the objective of the research is explorative, this sample size sufficiently provides a clear picture of the context. All the interviews were audio-taped and transcribed. Follow-up interviews were conducted in January 2019 to collect the updated information regarding slow steaming in the context of increased bunker prices in 2018. The research questions (Appendix A) were provided to the interviewees beforehand, and they were reassured about the confidentiality of their identity and information. Company names are represented in the remainder of this article simply by capital letters. NVivo software (QSR International, Melbourne, Australia) was used to organize and analyze the interview text. In NVivo, the interview text was categorized into themes and concepts (Appendix B), which helped to identify the relevant and important concepts and strengthened our findings. It was an iterative process, where we moved back and forth between the collected data, analysis, and interpretation. The findings of this case study are presented in the next section.
Results
In this section, the results obtained through the analysis of case companies are presented.
SECA Compliance and Slow Steaming
In the pre-SECA phase, when managers were planning for SECA compliance, case firms reported that they commenced preparing prior to the 0.1% sulfur limit deadline of 1 January 2015. Various feasibility analyses were conducted for each SECA compliance option-MGO, scrubbers and LNG-and these analyses were based on individual vessel characteristics, operating routes, and the short-and long-term costs of each option. In addition, firms in both clusters outlined that they developed mechanisms for the Bunker Adjustment Factor (BAF) and that data regarding the extra freight rates were transferred to freight customers through information sessions. In general, customers understood the situation and accepted the extra costs caused by SECA. The actual compliance strategy of each case company and its reactions regarding slow steaming and increased BAF in the aftermath of the 0.1% SECA regulation are presented in Table 2 . With respect to actual SECA compliance solutions, most of the RoRo and RoPax case firms followed a mixed strategy (Table 2) . They switched to MGO and ultra-low sulfur fuel (e.g., RMD 80) for smaller and older vessels that were operating on comparatively short-distance routes and selected scrubbers or LNG for bigger, newer and high-fuel-consuming vessels operating on long-distance routes. Furthermore, the case of firm RoRo E was remarkably different, as it used MGO on its entire fleet and instead of choosing technological solutions to save on costs, firm E opted for operational changes that constituted schedule and route adjustments and slow steaming on some routes. In the same vein, RoPax I switched to MGO and reduced the vessel speed as an energy efficiency measure on its route between Baltic ports. On the other hand, the case of RoPax F, in contrast, is relatively different. For certain routes, RoPax F switched to MGO and converted one of its vessels to methanol.
Overall, it appears slow steaming as a SECA cost-reduction approach has not been part of the plan among the majority of the case companies. Out of 11 case firms, only two firms-RoRo E and RoPax I-as part of their pre-SECA plans, in addition to switching to MGO, also made some route changes and reduced the vessel speed on some routes, each increasing their total crossing times from 32 to 36 h and from 4 to 4.5 h, respectively.
It is found that neither the reduced bunker prices in 2015 nor the increased bunker prices in 2018 have affected the speed patterns in most of the RoRo and RoPax case firms. As the interviewee from RoRo E stressed:
There are a lot of other parameters besides oil price that we have to consider before making any change in our speed, and the biggest factors are competition, contract, and market situation.
In RoRo and RoPax segments, the additional bunker cost driven by SECA compliance is borne by both the customers and the shipowners. All the case firms have transferred these additional costs to their customers through an increased BAF. The interviewee from RoRo A mentioned:
Yes, we have partially increased BAF. Basically, all contracts are governed by a bunker adjustment formula. This doesn't mean that bunker costs are irrelevant, but we cannot transfer all the extra bunker cost to our customers. If we are not efficient enough, we will then lose all contracts upon renewal due to the cost base being too high. But inside a contract the risk is limited for the shipping company.
Moreover, for the new ships in the pipeline, the case companies intend to comply with SECA by burning comparatively cheaper and environmentally friendly fuels, such as LNG, or by using batteries. LNG would not favor slow steaming, while the use of battery power might be more favorable for slow steaming.
Slow Steaming in the RoRo and RoPax Cases
Regarding the feasibility of slow steaming in the existing market situation, significant divergences are noticed between the RoRo and RoPax case firms. The RoRo case firms picture slow steaming as a popular choice to save bunker costs, at least under the existing market conditions, and currently almost all of them have reduced their speed by 4 to 10 knots, except for RoRo B that has set a reduction of only 1-2 knots seasonally. However, it must be noted that this slow steaming is not driven by the 0.1 percent sulfur regulation; rather it is based on the market conditions and customer demand, and was in existence even during 2015 when the bunker prices were low. It was found that RoRo case firms have benefited considerably by steaming at a slower speed, as, for instance, was revealed by the interviewee from RoRo C:
Of course, on a route between Western Norway and UK using slow steaming we are saving cost and we save more by having two slow vessels rather than just one fast vessel.
One of the reasons behind slow steaming in RoRo was also the economic downturn of 2008. As the interviewee from RoRo A mentioned: This is something we started quite early in 2008 or 2009 because of the financial crisis. We were forced to do that and the main purpose behind this was financial savings.
The interviewees from nearly every RoPax case firm favored slow steaming as an energy efficiency and cost-saving measure. For example, the interviewee from RoPax H mentioned that:
We are tweaking here and there. We are looking for minutes, 15 minutes or so, and there is a lot of money in there. In RoPax, we don't talk about hours, but we talk about minutes.
However, in contrast to the RoRo segment, it was revealed that there is a very little potential for slow steaming in the RoPax sector. It was found that RoPax case firms have instituted some route-specific slow steaming in the range of 1-2 knots slower, and this varies seasonally. To meet market requirements, RoPax firms F, J, and K operate high-speed ferries on some routes with speeds in the range of 27-35 knots. For some routes, in the summer season, when passenger demand is high and extra time needs to be spent in port for loading and offloading, it is not usually possible to slow steam. The interviewee from RoPax H stated:
It is possible that we can change the itinerary in summer and winter times, but that's not good because the market wants to have the same schedule for arrival and departure times throughout the year.
Technical reconfigurations and shorter routes might be needed to implement slow steaming. To facilitate slow steaming, all RoRo case firms, except RoRo B, have made some technical reconfigurations to their vessels by optimizing the pitch and rotation speed of the propellers. Moreover, case firms RoRo B, D, and E sometimes choose a shorter course for steaming slow. The interviewee from RoRo B stated:
We also sometimes adjust our routes to adjust the speed and it depends on fuel prices as well. So there is interplay between route, speed, and fuel price.
However, RoPax case firms did not make any reconfigurations in either their cabins or engine rooms, nor did they change the sailing route as they have introduced only a minor speed reduction.
Slow Steaming and Service Quality
In addition, all interviewees strikingly emphasized that vessel speed is highly dependent on their customers' lead time requirements, inventory costs, bunker prices, and competitors' operating speed. As the interviewees from RoRo A mentioned:
We have to consider our customers' requirements that were set in the contract. So, to meet customer demand, we may even have to speed up although it might pollute the environment. As long as our competitors will go fast, we will also go fast. Otherwise, we will be out of business.
Similarly, the interviewee from RoRo B emphasized:
We cannot play at least with lead time, as our customers give us lead time. For instance, if our customer wants their cars transported from Zeebrugge to Malmo, let's say in three days, we have to transport them in three days. This is verified in the case of RoRo D, who in order to meet the customers' demand, made some adjustments in their routes, accelerated the sailing frequency, and raised the speed from 12 knots to 14 knots.
Vessel speed in the RoPax sector also critically depends on offered transit time, vessel type, departure and arrival time, distance between origin-destination ports, and the competitive environment. The interviewee from RoPax H explained the situation in this way:
Compared to RoRo service, the RoPax segment is different in a way as we have passengers on board who are usually in a hurry. Cruise ships may do slow steaming, but for ferry transport it's not possible as it has a proper timetable and not many people want to arrive at midnight and leave before 6 in the morning. Passengers need to shop on board, relax and eat as well, so we have to adjust the time accordingly. In this segment, we compete on time. For a shorter distance, forget slow steaming. However, for a longer distance, it's different. For instance, a ship from Stavanger (Norway) to France can go a little slower.
The speed and schedule sometimes vary en route and on a customer segment basis. As the interviewee from RoPax F stressed:
If there is a heavy freight route, then the drivers need time. Then, of course, it's better to spend 9 hours at sea instead of 2 hours, and if the route is very passenger heavy, they don't want to spend too much time at sea. However, the departure times are not based only on the drivers' time; as the RoPax case firms mentioned, they do not know where the truck is coming from and hence do not know if the drivers require a longer resting time on board the vessel. Scheduling, pricing and crossing timing is complex in the RoPax segment, and compared to RoRo, RoPax serves a wide variety of customers. Thus, it may not be possible to slow steam beyond a certain limit. As the interviewee from RoPax H stressed:
We have many markets on each ship. For instance, one of our ships has 13 different categories of passengers: cruise passengers, conference guests, truck drivers and so on. These 13 different passenger categories have different requirements when deciding whether they are sailing with us or not. Some customer segments can be affected if we sail slower, so at the moment the market is not favorable for steaming slower.
Moreover, RoPax case firms have a fiercer competitive environment than RoRo, as depending on the route, RoPax competes with low-cost airlines, domestic ferry companies, trucking (cheaper double-driver effect), tunnels, bridges, landside conference centers, cargo ships or RoRo, and all other sources of entertainment. On some routes, vessel speed also depends on other ferry competitors' speed, as stated above. Some case firms indicated that currently they are at the optimum level; but if a new competitor shows up, then they will adjust it accordingly. The interviewee from RoPax H expressed the competitive situation as below:
Although the slower you go, the more energy you save for a container cargo, the competition is extremely high. For example, the Helsinki-Tallinn route in the Baltic Sea is one market where more than three companies are now operating more than ten ships-and even a helicopter line is operating sometimes-and their competitive advantage is if they go faster. If one goes 15 minutes faster, then another does the same. They go 27 knots and they lie still for 2 hours as they need to come back again at 27 knots. So, this is what markets want instead of sailing at 22 knots, lying still for 1 hour, and then going 22 knots back. That's how a bad market mechanism works in a free open market, because time is money in this market.
In addition, RoPax case firms were extremely concerned about the cheaper and double drivers from low-cost countries employed by trucking companies, as they are undermining the competitive position of the shipping industry, and therefore, it further reduces the possibilities of gaining energy efficiency through slow steaming. Similarly, the interviewee from RoPax F mentioned:
If oil prices increase again, then slow steaming may come into play. But then there are some road taxation and other elements to consider in that situation.
Therefore, it can be inferred from the above interview excerpts that the matter of speed reduction is highly sensitive for both RoRo and RoPax segments, as both segments need to comply strictly with the offered lead time while maintaining the service frequency. In the current market settings, too much gambling with speed may negatively affect the service quality of both shipping segments and eventually may reduce the competitiveness of this sector.
RoRo and RoPax case firms pointed out that demand for their services is highly elastic in terms of service quality (e.g., lead time, convenience of departure and arrival) and price on certain routes, and this is because the customers have multiple alternatives to travel and transport their cargo. The interviewee from RoPax I said:
Our leisure passengers are extremely price sensitive, and any increase or decrease in the price can affect the demand as they have various alternatives available.
. . . and RoPax H pointed out:
We tried to reduce the speed and increase time to 3 hours from 2.5 on our route to country S, but customers didn't like it and then we reversed it back again.
Thus, service quality requirements, service price and route competition are some of the vital factors deciding the speed of RoRo and RoPax vessels.
Slow Steaming through Port Efficiency
The study found that there is some potential to improve port efficiency while reducing the speed at sea. All RoRo case firms expressed the view that improved port efficiency could enhance the feasibility of slow steaming. In particular, RoRo C and D are focusing on making slow steaming a favorable move by improving port productivity. As the interviewee from RoRo C emphasized:
In our fleet we have turned vessels earlier. This means we have reduced the loading and discharging time at port to get extra time at sea and reduce the speed. Port efficiency is important not only for slow steaming but also to maintain the schedule in bad weather as reliability is important for our customers.
Similarly, RoPax case firms agreed that to allow more time at sea at a lower speed they try to optimize the port operations as much as possible, and this also depends on the season. As the interviewee from RoPax K mentioned:
We have tried to optimize port operations so we could spend more time at sea at a lower speed. We have also shortened our turnaround time on a route between Western Norway and Northern Denmark. Instead of 2 hours, we now stay 1 hour in port and have spare time at sea to slow steam.
A follow-up question related to the above statement was asked by the interviewer:
Well, but don't you think that staying only 1 hour at the port limits your catchment area?
The interviewee from RoPax K responded:
No, no. It's not like that. Passengers and freight forwarders know the timetable so they reach on time and they go at that time every day. Of course, you have a catchment area, but the market is like this.
Although slow steaming through improved port efficiency is feasible, there are still some limits. RoRo operators cannot depart immediately after arrival as they have to complement their schedule with cargo arrivals at the terminals, and RoPax operators need to follow their posted departure time. In addition, slow steaming by reducing port turnaround time leads to a reduced catchment area for the customers and, thus, RoPax and RoRo companies may lose some business. So they always need to weigh the savings they make by steaming slow against the business they may lose in the form of reduced sales caused by short turnaround times.
Slow Steaming through Service Differentiation
Due to high competition and expensive cargo, service differentiation through slow and express services in the RoRo cases cannot be attained to any large extent in the existing market mechanism. As the interviewees from RoRo A and B stated, respectively:
I think it's not about speed; it's more about precision. If we follow this policy, then there will be a competitor who will do the same, so it's not possible for us.
Well, our customers who usually ship highly expensive cargo are not talking about such things, and it also depends on their customers as well. So there is no room for much speed reduction and our timing depends on our contract with customers. This is evident by the fact that in 2010 RoRo E pursued a differentiation strategy by introducing the slowest RoRo service in the Baltic Sea. However, intensive competition from rival RoRo companies and an alternative rail service operating on the same route compelled RoRo E to close its operations on this route.
On the other hand, service differentiation and slow steaming may be feasible for at least some RoPax customer segments on certain routes. This differentiation can be illustrated in the case of RoPax H and RoPax K. RoPax H operates a cruise ferry on a route and the transit time is 3 h 15 min with a return ticket price for one person of EUR 56. Meanwhile, on the same route, RoPax K offers an express service only in the summer season that takes just 2 h 15 min and is even cheaper, with a return ticket price for one person of EUR 35.
So unlike deep-sea shipping where shipping firms compete mainly with other shipping firms serving the same route, the offer of reduced speed and price as a service differentiation strategy may not be feasible in the RoRo segment, which is also competing with land modes. For a RoPax firm, however, it may be realistic depending on the route and customer demand.
Slow Steaming through Increased Vessel Size
Finally, our study found that transporting more cargo onboard the larger vessels is not feasible for the RoRo and RoPax shipping segments, as they still would have to follow the lead time and frequency requirements of their customers. In addition, there might not be sufficient port infrastructure to cater for the larger vessels. Different opinions are noticed on this issue as the interviewee from RoRo D suggested:
I think for paper-shipping companies, it is possible as the customer can live with a little longer lead time.
RoPax G in this respect stressed that:
We are increasing vessel capacity and unit size in our new vessels, but there will be no change in speed requirements.
The interviewee from RoPax K commented on this by saying:
When you get larger vessels, you also reduce the frequency and that may not be a good idea. In deep-sea shipping, with low competition from alternative modes, it can work where you have crossing times in weeks from China to the EU. Then you can have bigger vessels and reduce the frequency. But in SSS, you also need frequency; otherwise, you will lose the load.
The majority of RoRo and RoPax case companies rejected the idea of supporting slow steaming by building larger vessels, as it might affect their customers' logistical arrangements and lead to a modal shift to road transport. The results presented here are discussed in the context of the existing literature in the section below.
Discussion and Conclusions
In this article, we have addressed the feasibility of slow steaming to mitigate the anticipated SECA compliance costs from the perspective of RoRo and RoPax shipping firms. In addition, the impact of slow steaming on the competitiveness of short sea RoRo and RoPax segments with respect to service quality is explored. Multiple case studies focusing primarily on 11 short sea RoRo and RoPax firms with operations in the North and Baltic Seas were conducted.
Overall, our findings suggest that the 0.1% SECA regulation of 2015 requiring the use of higher-priced MGO has not caused slow steaming in the RoRo and RoPax segments to any great extent. The increased bunker prices are partially transferred to the customers via increased BAF and partly borne by the shipowners. Thus, our findings are consistent with those of Adland, et al. [13] , who in their empirical study found no evidence of slow steaming in the wake of North Sea SECA regulations and asserted that vessel speed is not generally determined by fuel prices or freight rates but is rather dependent on factors such as route characteristics, vessel type, weather, market segment and conditions, and the nature of the commercial contract between the shipper and the ship operator.
Furthermore, time-related attributes of service quality, such as total transit or lead time, frequency, reliability, and convenient departure and arrival times, are found to be considerably more significant for the customers of RoRo and RoPax case firms. In this way, we agree with previous research studies by Meixell and Norbis [35] , Bergantino and Bolis [52] , and Pantouvakis [53] , who claim that for ferry and RoRo transport customers service quality-in regard to schedule convenience, frequency, reliability, and transit time-is even more important than the price of the ticket or the freight rate. For the RoRo and RoPax case firms, the elasticity of demand in terms of price and service quality is significant, as verified by Notteboom [10] . Therefore, in the present market setting, the potential of slow steaming is not high, as it may increase the lead time or affect the frequency, reliability, and departure and arrival times of the services. The slow steaming strategy that neglects the customers' convenience is likely to diminish the service quality of RoRo and RoPax firms, leading to a poor competitive position in the market.
Furthermore, the idea of slow steaming by using larger vessels with more cargo on board, which may be effective when applied in deep-sea shipping [47] , is not practical for short sea RoRo and RoPax shipping. As officials of the case firms interviewed for our article stressed, in short sea shipping frequency is highly critical for the customers, and to maintain sailing frequency firms will need to employ more vessels which is not possible currently.
Similarly, our findings strongly support earlier studies by Johnson and Styhre [31] and Zis and Psaraftis [16] which suggest that due to high port efficiency and low turnaround port time, slow steaming can be employed without affecting the total transit time for the customers. The examples of case firms RoRo C and D and RoPax K, presented in the findings section, justify this phenomenon.
Finally, service differentiation through slow and express services as proposed by Lindstad, et al. [49] may be feasible also for the short sea RoPax segment but only on certain routes. This has been demonstrated by the example of case firms RoPax H and RoPax K who compete on the basis of transit time by operating a slow cruise ferry and a fast-express ferry, respectively. Conversely, due to high inventory costs and competition from alternative transport modes for RoRo cargo, this differentiation may not be favorable in the RoRo segment. Previously, a Swedish RoRo shipping firm tried this concept as described by [54] , but this service was discontinued in 2013 due to low market demand and fierce competition by direct rail service started between Germany and Sweden [55] .
The quest to cut bunker costs and airborne emissions through slow steaming may result in negative ramifications for short sea RoRo/RoPax shipping and its customers by affecting entire supply chains. The case studies reveal that in the current market situation RoRo case firms are already steaming at slow speed and they may increase the speed based on the customers' demand.
We believe that the potential of slow steaming for the RoPax and RoRo segments are impeded by a number of factors, including bunker prices, rigorous competition in terms of cost and time within RoPax shipping lines and routes as well as with land modes, and most important different service quality-related attributes. It is evident from the interviewees from the case firms that slow steaming across a certain limit in the RoPax segment may either lead to a loss of business volumes or otherwise will require more vessels to maintain the frequency. However, the present market situation does not favor additional tonnage in the sector as it appears that the market has found its equilibrium. Finally, the slow steaming strategy that works against the customers' convenience may deteriorate the service quality of RoRo and RoPax services, which ultimately may lead the sector into an unfavorable competitive position in the market. In the next section, the limitations and suggestions for future research are presented.
Limitations and Future Research
Even though some valuable insights have been generated, this article is not without its limitations. The experienced interviewees from the case firms provided their expert opinions on the subject that could fairly represent the viewpoint of the entire RoRo and RoPax sector, yet a larger sample size would perhaps have supported the findings better. Secondly, it would be valuable to conduct surveys involving more firms from different sectors and countries. Finally, findings regarding the service quality requirements of customers are based on the opinions of interviewees from RoRo and RoPax case firms and a survey with actual customers of these services might have added more balance to the results. All these limitations form the basis for future research.
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